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(57)Abstract: 

PURPOSE: To surely demodulate a multilevel modulation 
symbol on a reception side even at the time of receiving 
the influence of phading, to reduce the transmission 
amount of reference data and to improve data 
transmission efficiency. 

CONSTITUTION: At the time of generating and 
transmitting an OFDM transmission frame in this 
transmitter, a null symbol and a reference symbol are 
arranged only in the leading part of the frame, QPSK 
symbols are arranged in a fixed interval respectively in a 
time direction and a frequency direction in an 
information symbol data area and transmission is 
performed. On the other hand, in this receiver, the 
amplitude error and phase error of respective carriers 
are detected by the reference symbol arranged in the 
leading part of the transmission frame, the amplitude 
fluctuation and phase fluctuation of reception waves are 
detected by the respective QPSK symbols and the 
amplitude error and the phase error of the respective 
carriers detected by the reference symbol are corrected based on the detected result. Then, 
based on the corrected amplitude error signals and phase error signals, demodulation symbol 
data are equalized. 
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(57) [®»] 

©HBTQPSK;'>#;i'&E@bT3i<rr.5. — 





1 

■ imm*e>mm 

v hft^*7EMK:gBBLTfc£^:7l'-Aft*j£U 
IC^< £fcPSK£K:£5£ft^tflg»©5V:**;i'£ 

K5>>#^ft£Kgm»^©M^3±t;&ffi©&I&ftitfc 
tifcP S Kfim^tf^ft, ^ra^|6j*«t:^«cR^|fiI 

t fc{(m#-«©rai§T^«&B£«ia£j6 sn^x □ v 

[&3*3i3] 21*1188:, PSK£srfr5£fcckr)£ilS 
nfePSKfiNRi^^l-ft, Bfra^lSjfc^TtttfcB** 

— s©ranT^-»H3ew toe* e n*>^ jmkbc&isj w 

3tm 1 S2«©Ii8^8d^i!l#Sej£*3£. 
CB*3S4] SAW*. PSK^W^a;C«J:D^iS3 

n&ps Kfir«^>5p;us. m&&%ft\z*iVT\t®m 

nfcPSKfi?ffi^>jR>Vft. Bfje©H»E»*SBt:*t>T 
St. 

nfcpsKft«-»#;u^ mm-»#)i>&mm\zm9) 
itwt vxmm-rz z\ t ft«r» L-rzmxm 1 75s 5 © 
»vtit>^z&m<D®&Rmtftw&mmmtt. 

fl? ra*^*«t ^jft»:*lR»c*g»ox n y V ft=*7c« 
l£EBLTfc*eS£:7l'--Aft«if£LT, Z.<0&m7\s 

— A©Bj£$n;fcf3r5£©xn s> h»csqs^>#^s#A 



2) ^¥8-2 6 5 2 9 3 

2 

r-SttfelC. *CDi©XD?M:^a<tt>PSK5E 

fcft#89#£&13^*fc*©fc3£«i£8S^8<l#S£8S^ 
St, 

A*©P S K^^jR^Sr^ftW^ftrr-S C £ft1#t& £f 

[mm 9] atareB^&ftarttB-^ Sr5£©xny 
20 c«r© p s k -»#;^ra^e?)ic}f A^nfcfe3i7 v 

-Aft, «»©*2iiSE ftfigfll LTfi3iS«»&»8!l#S^ 
gBlCfeUT, 

t, 

c©it£^&K#fd^S£w^aa>&HJ*2mfc&iBM 
30 ^tpommmt£^>X)\,&mzmm&&(DmM$Lc>w.w, 

^at, 

^*©uibp s k is >#)],&mzgimmnv)Mi>%&m& 

^.t^fiffls^t, ME^a^m^aictofttijsnfc 

««ftitart--5fc»&©iiiEflm^^at, 

t»x, irES32sst&»f!i*-s«8a^aA^ai*3n?5: 

^tu*sawi^aA»&m*anfc«ra^«p©fltriBP s 
K -> >#^$Si:fgfifo£4i^!!i^ tWffi^i ft 

ifttt-r-s^at. ci©^aic±-5<ftm«*tcs^T, 

t9EfiW«^*©it(EP S K^>JpJPKn©flSfflv'># 

jn>»ifA$nfc««©fi««»*t±r«iicffljg«ift«ra-r 
a? s«ra¥Rtft^rr«>ctft#t5t-r-5»*«9E«© 
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(3) 

3 

[mis® 12] 2iffi^e*»6S^ss^ mm>-># 

JHf TJNftfcttfcoP s K^>3pj^ra^e9«cif ASft 

-rsswss 1 2 s«co§#kb. 

[5g9f©P«BfcSi9I] 

[0 0 0 1] 

(RIOFDM : Orthogonal Freqaeney Division Mult 
iplex e^l*S;*S«bfc*i«ie2l>'X5 L A 

t0 0 0 2] 

[«£*©&«] i£¥, W^<I^*<kO«#m^©fic@iK: 
©«£t?, 5V i^JM&JtiScSSI-i^TBu TJk^XSS 

(ofdm) ^w^tf&BSft-c^s. ofdm^w 
■en^n^wrs^T&o, ^©ww*:^ tofd 

VIEW 1 9 9 3*£5M) &£*Kj2fc^£ftTV>£. 
[0 0 0 3] OFDM^SI^SrfflU^W^^^ 

4S:sn?tt, u T^-en^n^fftQ p s k#5£t?& 



#51^8-2 6 5 2 9 3 
[0 0 0 4] ^SlQP SK^ttgHb#:ae->X 

^<D^«tr«fc D§m&©sis&fc«fctf&*i©£itoi£c 

[0 0 0 5] —35, OFDM^Sa^t*7 : W> 7 3'J^l' 

tc&**U7©giS;*5i&#ffifc^*!&sa<;&-5. of 

— V7©^S£^£bT#iIQAM;£j£ 

jwa^sft*. ua>u &mQAujrg,<Dm&. mzm 

HT^<6 Q A M is >jP » ^ISI-r 2 ft 

[0 0 0 6] 01 5tt. aE3fe©OFDMe2l^iC©— W 
£5;-rHTfcD. Xtt r^HBOFDM€:fflVifc*Ji^^ 
W i?^;kiSc2l«^»^©*fel*J (1 9 9 2 ^NHK& 
W&Blif** P 2 8 - 3 6) tcE«Sftfct>©T?*5. 
udDWTttO FDM©*t U 7SB4 4 8TJ&0, OF 
D M ^>J^;^»C 4 4 8 mo^—i? ©1/8 

SS^— ^ttl 6QAM^>5j?;ktUTeSI3ft5. * 

fc. o FDM-»^;u«icS^5 i -5' sgsrrs** u 

7©&B££A.T^£©-C, 10©*-vU7lr^T* 

s 1 8 i m^qs^-^^esisfts. *»< u 

T8SCO F DM-»*^l:J; 0^217 W— AjW8j££ 
ft, ^«&ftJ6&ftfc&gtSJp5 :r — ^*^ffi2ft?>. § 

<g<n-m, yu-&mm&m£.-rz>z\t\z&K)&t£7- 

^SSfU CftS:**PtcUTl 6QAMv->^©m 

[ooo7] mmT-fommmm*. 7i-^>« 

tC£*g<Ii£©£lij£5£«:LTftj£3ft*. 

OTtitt7>^t«it5. ::©'a«S«*5«fctX{a:ffl© 
£Shte, -eft^ftU-f U-»^t— n 

X«rra*5«k^3t-W>X#«<S 1 i:lflift'5. 015IC 
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5 

[0 0 0 8] 

&(**© o f d Mesi^^-ctt. sj? 5 s -* ^e^i-r -5 

ofc. MAtfBl 5<0«*Ctt. 1)7 CO 1^X8^ 

[0009] *%wtt±E^fSc»iLTa$nfc'fo© 
3£««&#8«££^:£££^©^tSB*i«ktf§{t3g 

[0 0 10] 

[ooii] *fc*»98©e!fif«iSBt«-i!i#ae5i^s; 

te. P S K*B^r jCC* D&iaSnfcP S KflHR5'># 

[0012] -r&fc-s, -?-©sg i ©r&scra:. ^iHKSrift* 
«fctfffiRR;£fti*>&eat-£©raB§T^J6H£«Kj£ 
»e»&nfcXDy MCPSK«fa^>#^€:ifAbT3l© 

[0 0 13] Jg2©^2Ctt, l^raSlRlC^UTIJttf^ 

— £©fiBKT^j&@£Wfc£»sna>ora»Sbfrfti;:o 
[0 0 14] Sg3©#j£tt, H&ft;frJ«a{C*#LTtttiB 

#»— ^©KUBT^j&H^Mt^je) cn— imffiismztt 
VT\3.m&mzi&;CTtmifi$£ifrr*j: 5 cjea&nfc 

©TJ&-5. 

[0 0 15] |g4©:£5£tt. PSKtff8-»#;H£BrJ£ 



(4) 4#M¥8-2 6 5 2 9 3 

5 

©T&*. m5©#5£tt, P S Kfl|f8-»#;H£. Sip 

[0 0 16] — ±SSM£3£j£t-3fc»&IC*5£93© 

&^|6»C«&©XDy h Sz^fc5c»KB«LT&<E>e2l 
71/-A£«SKbt, r©eSl7k-A©ieS$nit0f 
2£©xny hCSipv'^Jl/^ifA-r^tt'blc. ■€•© 

)v&.mtt\z*L o^B8snfc«*©iSffi-»# 

snfc«»©1fffi-»3p>$*l:ft;b, £©*mflsK«fc 
fc©-&. ltS3»UTaMW*J:3»cl/fct>©Tr*«. 

[0017] £fc*$ggi©iintgett. mm^&it^m 
o suss nfcesi y u— a * © p s k */>-&)v&m$m 

20 [0 0 18] 2 e>iz±mmtti&Mffcrzittb\z*KWe> 

±i2S89ffi^4"©P S K^>3pJUS:£l;Sm<l^©«<l 

&fe«f-5fc«)©«iElfffi*«^at&«^. C©«iE 

50 Ct»C«fcO«IET-5«fc5tcLfc'b©-C$)-5. 

[0 0 19] SfcJfcfggHttSA&BB:. IMHBMfttt^ 

[0 0 2 0] $ eiC*»W©S^SBtt. fi^aiSffl© 
[0 0 2 1] £t>!C*fS9m. jglASB^eSA^B 

^wicjf as n*»-3 cm &© p s k ^ >-#)vifim3in^ 
so mm&m-rz&mi'XT&-vmm-i£tLZtiis&&m&miz 
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7 

e> aii $ n^fti^m^^ o psk5> >^;p^ g& 

[0 0 2 2] $fc*»«0§§ggfj:, -tf2S<t^&, 
T, ttE»«(«#g!fcJ:DflMianfcPSKS/>*;P 10 

[0 0 2 3] 

&fc>n*„ Lt#t)T, e»:7^— Aows^tfjMB 

tilt <fc Dfill8e3l3»$S£Bfae>* C i*tT#*. 30 

[0024] -rato-s, ^ftMit^x^Ao^pir^x 
±epsK$/>#;w£ai«T*»fc, ^ra^ 

K^SnfcX Uy MCP S KlWRS^tfjPSJfALT 
Sift f £ <fc 3 (*mti, PSKy >2R;U<D^SflSfH» £ 

[0 0 2 5] J:BPSK^>^££|<rr*IK 
*TO«j8KTPSK>/>jR;U3&sesi*ns. Lfc#o 

[0026] zncatu ««Bb&rtifc»bTttttw« 



«MM*8-2 6 5 2 9 3 

n y h \z p s Kit«^>*^ftjf AuraMrr s j: 5 tc 
*rntf, i^ctxd^ h&fcDcDPSK>->#;i^ 

tt^&<a*«t, 4T<DI»BXDy h"CPSK'»#Jl/ 
[0 0 2 7] Sfc, PSKflW|^>#^S»fjec!)«*ft 

■CPSK5/>*JPft»ttMfcea|-rsc:t»CJ:D, B3= 

[0028] sec psK«s-»^Sr, mm^> 
•Trap sK5/>#^«aBtt»t«viT«ii-r«c 

SSBPSK^rSCSttfl-r-SZliT, 7x-y 

[0 0 2 9] — 2n *Km®£Btt*£J:tU& 

fc **ft*n*ajE« VfzO FDM7 A £ffr£ L- 
[0 0 3 0] S6fcPSK^>#JPftllBM9F#fl:LTai 

[0 0 3 1] TS&fc*»H©«B«fcJ;n«, g©£ 
S K ^>3p;nc£ D^ttc>M»* £0ttfl£ft0< 

[0 0 3 2] *&*«n©««K«T?tt» 
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[0033] z*>\z*ftw<z>§:mmm\z&n& sip 

S K -»*^ct 0 * v^SM $ 

[0 0 3 4] 

[#36«] 

^OFDMfiSl^it^iKWr^fcS&O'bOT, OFDM 

[0 0 3 5] 01t£*5V>T, 7l/-A(DlSSOW 
DyhTH ^tUTfbSWf (0) OOF DM 

33 <fc tf«B#«K»rC* *S*PO FDMy >aR;M*g2i* 

n$o .nil atflrMfcAViTHWwoaBP^^*^ 

«ft«it«fc»©»MlfibT«»Sft*. 3#B 

[0 0 3 6] t^5T, ±B3«BBU»«Mm^>#^ 
oT, ««lb&i«*J:t«»IB*|fisi»c»htonBliTQPS 

K-»^;^tEfi$ns« qp sKis>#)v<Di%mmm 

[0 0 3 7] JiEOAitteai^*— boo 

T, *tlHPIH:Cft6«l*J:t«tifc»ll:lT«l 

;nc«fco«u-r*« qpsk>»#;u;L jet 
qp s KS/>#;weasn4&iBii'tfs«iK©tt«ftfls 

*t± 4 5 - HrtTfctUi, At«ft«0«»«0* 
ffl#«aiBT**. Sfc, QPSKix>#;^te2l$n^: 
WBXDy hM^^D^y HCOVitlt QP 



6) &m*8-2 6 5 2 9 3 

turn**. 

[0038] seffl-cn aioiifcUT^jftfeKa 

[0 0 3 9] 3Rfcv a±S6^fcOFDMfi3l3&SC€3Sffl 
UcOFD M3MM»i3«J:tf O FDMSfiSB^UT 

■wrr*. H2ii oFDM^K®osigwi*^*r 

[0 0 4 0] HHK^T. 1 lttVJl^/U^lJ" (M 

ux) -efc'D* :o?Tj^i/^ifiii:W8y>^ 
9 1 LTMQAMy>*l/^<J:^Q PSKy> 
^;W^x*$tl^o uuTQAMy>#J^WQPS 

^>#;i/fg£3gl 2te, «-*irU7<OS*3W* (0) CD 

^>#;i/i5j;tXQPSKv>^i:. 

9t, X¥'»3p;i/T r -^t^Sft;U ^n(^J:05t 

ICS 1 \Z7xVTz^7U—2±$:m&rrZ>* 

[0041] tj^i/^im i^e»m^$nrc#sft; 

^>*^5 5 -^Hu *K«li»7-UX*ai (IFF 
T) H»14lCX*^n*. IFFT[sIffil4H N<B 
CD 2/ >3R;i/7 ; — ^ CAITIFF Tg^^frte 

*LT, ^IFFTBRHTraSSftfcOFDMJE 
■MHMtttf- PHIWtinHK l 5 tcA^sn*. £<D 

fi«*r^>fc6btc, OFDMv>^0«¥ffi###-F 

mfmiaBi 5A^ffl*$nfeoFDM^isism^^ 

fiX&SSg 1 6 fc«fc DBf U TTi£3?£S8 

StlfcCD^ v^JU/T^a^ (D/A) ££81 

[0042] fe*5, i 9^^-f a>^[iiK*r^o, 

^-f ^>^IUK1 9TH;BSl/ft^ny^»£ls|g&3&> 
e«»$tlfc^ D * £7«#fcnWbT±E40ttOftfls 

[0 0 4 3] £©«fc5£*WST**rt>S* T^^U^ 
■frl 1 tC*5V>T, & "7 A r<h Kfif ffi-> >3p;i^«clC 
QAMy >3p;U£ig boTQAMv- >tf)l&fflW#)lZt$ 
XSnfce87l/-AiMMStu cofi27l/-A* 
50 O F DMXSS^nfcCD^^^ U T^KfttCT y >A 
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(7) 

11 

[0 0 4 4] 0 3ttOFDM§<gge<&SSffi«fi£ 

Ot>. T±U^f/^^V^)V (A/D) £jftg2 2tC<fc 

sn*, ^<7>(t3£tfe«s2 3«, A*$nfc*ras&o 

[0 0 4 5] SftMft&fHffil (AFC) Ie!B2 5te, ± 
ffifi3?^feg2 3^e»ffl*$nfcOFDM^P3?S^O 

V>£„ J:CjtSE«tt«2 3^6ai*SnfcOFD 

£e £0*-f 5>^@K2 6 ±EOFDM»M 20 

n££*>i^ oFDM^>3p;po«-«i^>3p;ws^-r 

ft (FFT) «2 4CftK1-5o 
[0 0 4 6] FFTHB24tt % ±SL9-i ^ >^0B 2 
6^^ft»$nfcFFT^^>H^fC*UX, f&Sfi3£ 
MS2 2^6ffl**tUltOFDM*BBft«^*a>OF 30 
DMy >#;i/CQ##J 5^>*JMWC» l/T F F TS^Srff 
£0FFT«J|tlcJ:D^*U70M*£tftt 

^EU 2 7ICA*Sn*. CO«U2 7Tlt W 

nfc«fi^>#jnt*ftHB3 ilex***!* ^co^fb 
SB 3 i ^^v^T^aa^ff^^n^o 

[0 0 4 7] *&, ±BFFTEBS2 4*6IH*Sn& 

n^5o £®»*5'>#;i«ffl«ti«2 8Tti SBbfc 
S«P^>^tS«P">>#^SS^S2 9^6»tsnfc 



JfcBa¥8-2 6 5 2 9 3 
±B»qi5/>#>«*«2 9Ttau £171/-A(0 

[0 0 4 8] *^sgw©smgs^ QPS 

K'»#Jl/gS«Hig3 2^ MraiElB3 3^, IflEB 
K3 0 ££rfi;?LT^£>o QP S K^tfJMS&ttttiSS 

2^, ^®s^3 l&zmioznrci' >^5r- ^ * tc 

[0049] «nisiB3 3B. 2 7 icfiaesnfc 
1ira5'>#;HHtta>if>TQP s Kv'>3p;i/^tesi$nT 

3 2 0ffl^^«Bt?)o cntC^D, ^tU2 7i:R» 

[0 0 5 0] *IIE[e1B3 Ott, ^i/^aftlMC^Dttltt 
*3 3fc£*»IB5^S»fc»E-r*. ^tt, 

B3 i fc*»u ^neosiff$ii:±s/€U 2 

[0 0 5 1] «ft;l3R3 i^&ffiASnfc^*;^- 
-9-3 5K:#as$ti£>o fv;^i/^t3 5it j*;^ 

<fct*Q P S K5^>aSJWfe»«IUTlB*TS. 
[0 0 5 2] E3?«^Sg2 
3 $3<fct*F FTBB2 4^ ^mm^tlfc 1 7 @ CO 

/MRffe»ffi«2 8TrKk JJBMBSn&^tfAo*— * 

T, ^ til: * 0 U 7©«B»6 itWHBR8tf 

islB3 0 ft*LT«bHR3 1 K««$*l<&. COfcfc 
•ftB*3 1Tli, Jl©«»snfc«BR«I«**» 
tt«KH«*Jfe»C* ±E**U 2 7fc«#Sn&flfcffl 

[0053] c©*ieiHiK3 i^e^fb$n/b-»^ 

T-^tfUASW^ QPSK^>^SM^ttJS3 
2 T te-hE >#)Vr— ^^COQPSKy ^> 

SIC, «raiHlB3 3tC^^TJie>^:U 2 7frff«F$n 
fcf-^fifttOQAMy^l/^^TWS^i:^ 
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[0 0 5 4] «lT#XDy h<D&m*$&Zf&:1te<D& 
T*flSBK3 ITU 2 7iC«^$nTV^gfiJ 

[0055] ^LTz<D^znrz±mWiW<D^~?m 

[0 0 5 6] 2 7 (C«^-»3p;^— ^<E> 

[0 0 5 7] bfc^oT. C^cfc^^SISfl^^n 

^fc^fr^ti^o Z(Dtz*b, fei7l/-Afi:#<o 
[0 0 5 8] -r*to%**lt«ITJ4. 

MttR^fiHc-en-en— jtoraRrcQp s k>»^ 

£EgUTj£<rr*o ~-3rSettS££»THU -Lee 
QP SK5^>*^fcJ:0*fl«fiDWIffl^J:tl^K 

[0059] bfc3auoT*sttB««cj:ntt* esi^u- 



(8) 1$li¥8-2 6 5 2 9 3 

.M 

{c«&ffl-r-5it*«niigt^:o. cms* 
jo to o 6 o] 3imgirmQPSK:s'>3jU'£- 

[0 0 6 1] (SS2 ©5SJ608) ^IdKMa. MESS 1 © 

a? odt, ^S'>#ji^***fc-«©p*BiiBiB*.fctf 

«&&iiaRiTeB£n*QP s K-»^)i^mnn<t 

10 0 6 2] 04 33«fctfBI5ra:. *$mM\Z%t>Z>OF 

ifrH4©OFDMG3I^SCG, 7 V 
-A©2#ao«fiaxn-/ h©3ep^>^*S»«F^- 
fc©Sfll t IT, 1ffS-»#;i^ : -^««©#Q PSK 

[0 0 6 3] H5©OFDMe2l^;t4, MWk 

^fc©glp£ l/T. «NI^>«JP9 s -3'«We!>*Q P s 

[0 0 6 4] jmso^scswucfc. qpsk-»^ 

^6tl5. 0 9(1 Hia^tQPSKi'>Jt?M 
40 ^ft^fcUreiilTS^SSfflUfcOFDMiHteg 
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